Review of previous rhythm strips showed the PVCs had been noted immediately after jogging during the previous 187
week. His exercise log revealed that during the previous month his pulse rate after jogging frequently was between 130-140 beats/min, which exceeded his safe training rate of 112 beats/min, (85% of the maximum heart rate attained on his last exercise test, December 13, 1973). He had been advised to jog more slowly.
On the morning of the cardiac arrest, the participant became dizzy and collapsed at the completion of his second set of prescribed jogging (0.25 mile nonstop), approximately ten minutes after the beginning of class. Ventricular fibrillation was noted by ECG monitoring. He was promptly defibrillated with a 400 watt-second charge and transferred to a nearby hospital where his course was uneventful. An admission hospital potassium level was 3.7 mEq/liter. There were no ECG changes or significant enzyme elevations. He returned to class after two weeks at a reduced exercise level, and with the additional medication, quinidine gluconate, taken twice daily. No angiographic studies were performed.
In comparing these two cases, both patients had coronary heart disease, a history of myocardial infarction, were on diuretics, had relatively low potassium levels, and had been exercising with pulse rates equal to or exceeding the upper limits of their recommended training ranges (table 1) . Both were resuscitated in less than one minute after their cardiac arrest.
Review of 15 Cases
Thirteen additional cases of exertional ventricular fibrillation have occurred between 1968 and 1975 during the CAPRI exercise rehabilitation classes, making an average of one per 6000 man hours of supervised exercise training.5'6 A review of all 15 cases shows ages ranging from 34-67 with a mean age of 53.6 years. Five were cigarette smokers and six had a family history of myocardial infarction or sudden death.
Twelve of the men were referred to CAPRI with prior history of myocardial infarction and three were referred with a diagnosis of angina pectoris and no previous infarction. Participation in the supervised program ranged from 3-57 months with a mean of 18 months. Eight of the 15 cases occurred during the sixth to tenth month of participation and only one case occurred in a man who had been participating for less than six months. Blood studies taken prior to entering the exercise program revealed cholesterols rang- ing from 187-265 mg/l00ml with a mean of 226 mg/I00ml and triglycerides from 69-292 mg/ l00ml with a mean of 161 mg/lOOml.
Potassium levels on admission to the hospital following fibrillation ranged from 3.1-5.1 mEq/liter with a mean of 4.2 mEq/liter. Only one man had a blood potassium which fell below the normal range.
Analysis of previous exercise test responses of the 15 men reveals that ten had PVCs on the most recent test prior to their cardiac arrest. Eleven showed ST-segment depression and four showed a drop in systolic blood pressure at maximum exertion during their most recent exercise tolerance test (table 2) . None was on anti-arrhythmic medications at the time of the incident.
During the six classes immediately prior to their incident nine of the 15 men had mean pulse rates which exceeded 85% of their maximum heart rate. All but one of the men experienced cardiac arrest during the first 20 minutes of class. All but one man had been active in the program for at least six months prior to the event.
Arteriographic studies were performed on 11 men following their cardiac arrest and the distribution of coronary artery disease is shown in table 3. Saphenous vein grafting was performed on eight of these men. Twelve men returned to the supervised program following their event in class. Two of these subsequently experienced sudden death and one experienced a stroke away from the supervised class within six months of their initial event ( A recent random sample of 117 participants revealed low serum potassium in four cases. In light of that prevalence and the hypokalemia in Case A, we have increased our emphasis on serum potassium levels in our correspondence with attending physicians. It should be noted, however, that aside from Case A, only one other case of fibrillation during our program was associated with low potassium level.
Since the last 12 men on whom we have exercise records had been training in excess of 80% of their maximum heart rate and nine had been exceeding 85% in earlier training sessions, we have paid closer attention to training heart rate and participants have been encouraged to exercise at pulse rates closer to the lower limits of their training range.
Because of the large number of participants (858), the varying time periods of participation, and the incompleteness of data in all cases, a definitive analysis of sensitivities and specificities is not feasible; however it is the authors' opinion, based on continuous experience, that the factors contributing most to enhanced risk for ventricular fibrillation are one or more of the following: exertional PVCs, ST depression, excessive heart rate, and hypokalemia.
In view of the unpredictability of ventricular fibrillation it seems preferable for individuals with known coronary heart disease to participate in exercise training under proper supervision with appropriate emergency equipment available.
